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Hepatitis B virus (HBV) infection is a major health issue worldwide which may lead to hepatic dysfunction,
liver cirrhosis and hepatocellular carcinoma. To identify host genetic factors that are associated with chronic
hepatitis B (CHB) susceptibility, we previously conducted a two-stage genome-wide association study
(GWAS) and identified the association of HLA-DP variants with CHB in Asians; however, only 179 cases
and 934 controls were genotyped using genome-wide single nucleotide polymorphism (SNP) arrays. Here,
we performed a second GWAS of 519 747 SNPs in 458 Japanese CHB cases and 2056 controls. After adjust-
ment with the previously identified variants in the HLA-DP locus (rs9277535), we detected strong associ-
ations at 16 loci with P-value of <5 x 107 °. We analyzed these loci in three independent Japanese cohorts
(2209 CHB cases and 4440 controls) and found significant association of two SNPs (rs2856718 and
rs7453920) within the HLA-DQ locus (overall P-value of 5.98 x 10”2% and 3.99 x 10~37). Association of CHB
with SNPs rs2856718 and rs7453920 remains significant even after stratification with rs3077 and
rs9277535, indicating independent effect of HLA-DQ variants on CHB susceptibility (P-value of 1.52 x
1072'- 2.38 x 1072°). Subsequent analyses revealed DQA10102-DQB1*0604 and DQA1+0101-DQB1*0501
[odds ratios (OR) =0.16, and 0.39, respectively] as protective haplotypes and DQA71*0102-DQB1*0303 and
DQA1*0301-DQB1*0601 (OR = 19.03 and 5.02, respectively) as risk haplotypes. These findings indicated
that variants in antigen-binding regions of HLA-DP and HLA-DQ contribute to the risk of persistent HBV
infection.

INTRODUCTION |

Hepatitis B virus (HBV) is the most common cause of infec-
tious liver diseases, and about 400 million people are suffer-
ing from chronic viral infection worldwide. Routes of
infection include vertical transmission during neonatal
period and horizontal transmission in childhood (bites,
lesions and sanitary habits) or adulthood (sexual contact,
drug use and medical exposure). In Japan, most of the
chronic hepatitis B (CHB) patients were infected through

vertical transmission and become HBV carrier (1). Nearly
90% of the HBV carrier will clear HBV (negative for
HBsAg and positive for HBc ab) during adolescence, and
only 10% of the HBV carrier indicate persistent liver
dysfunction'and develop chronic hepatitis (2). CHB dramati-
cally increases the risk to progress to liver cirrhosis and
hepatocellular carcinoma over a period of several decades
(3,4). Currently, CHB is a serious public health problem
worldwide, however pathogenesis of HBV-related diseases
still remains elusive.
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Figure 1. Signal of association with CHB in the HLA region of the GWAS stage. This ﬂgure shows the regional plots of the negative decadic loganthm trend
P-values in a ~ 3000 kb window centered on the association peak, located at rs9277535 in HLA- DPB] The top panel shows all SNPs in this region plotted
according to the significance of their association with CHB and color coded according to their LD (r ?) with the most significant SNP, 159277535 (see right
corner of the plot). Vertical blue lines indicate local recombination rate. The bottom panel shows the genes in the region. The strongest signal on 6p21.32 loca-

lizes to HLA-DP genes and the second strongest signal localizes to HLA-DQ genes.

In addition to the viral and environmental factors, host
genetic factors are considered to govern the pathology of
disease development, progression or regression. Genetic epi-
demiological studies provide robust evidence that genetic vari-
ations contribute to progression from acute to chronic hepatitis
(5). In 2009, our group conducted a genome-wide association
study (GWAS) in the Asian population and identified a strong
association of CHB with variants in the HLA-DP genes (6). In
addition to our report, several association studies have
suggested that genetic factors such as HLA (7-9), cytokines
(10—12) and immune response-related genes (13—15) could
influence the outcomes of HBV infection. However, these sus-
ceptibility loci were not identified in our previous study prob-
ably due to smaller sample size or smaller phenotypic effects
of these loci. Here we conducted a second GWAS in the Japa-
nese population to identify new susceptibility loci for CHB by
increasing the number of samples in the screening stage from
179 cases and 934 controls to 458 case and 2056 controls.

RESULTS

We performed a two-stage GWAS followed by two indepen-
dent replications as described in the Supplementary Material,
Figure S1. In the GWAS stage, we genotyped 458 Japanese
patients with CHB and 2056 control individuals using Illumina
gene chip and obtained the genotyping results of 423 627
single nucleotide polymorphisms (SNPs) after quality control
(QC). Examination of the quantile—quantile plots of the
GWAS stage indicated no evidence for inflation of the test
statistics, which could occur in the presence of population sub-
structure (A = 1.028) and also revealed an enrichment of

significant P-values, suggesting the possible existence of can-
didates (Supplementary Material, Fig. S2A). The results of
genome-wide association analysis are represented in Sup-
plementary Material, Table S2, where a total of 34 SNPs in
the major histocompatibility complex (MHC) region satlsﬁed

the genome-wide s1gmﬁcance level (P <5.0x 10" ) We'

also found 54 SNPs (40 in the MHC region and 14 in the
non-MHC region) with suggestive associations (P < 5.0 x
107%) (Supplementary Material, Fig. S2B and Tables S2 and
S3). We confirmed the most signiﬁcant association at the
HLA-DP locus as described in our previous report
(rs9277535 and 1s3077, P=13.72 x 107" and 1.28 x 107 '¢,
respectively) (6) and found another significant peak around
the HLA-DQ locus which is located ~300 kb telomeric to the
HLA-DP locus (Fig. 1). To identify SNPs that are associated
with CHB independently from HLA-DP SNPs, we conducted
the association analysis after adjustment for a top SNP in the
HLA-DP locus (1s9277535) using a logistic regression model
(Fig. 2). As a result, five SNPs in the MHC region indicated
suggestive associations (P < 5.0 x 107°) even after stratifica-
tion with rs9277535. Finally, 5 SNPs in the MHC region and
11 SNPs in the non-MHC region were selected for further
analysis (Supplementary Material, Table S4).

Subsequently, we analyzed these 16 SNPs in the first repli-
cation set consisting of 606 cases and 2022 controls and found
2 SNPs within the MHC region [rs2856718, P =1.6 x 107°
odds ratios (OR) =1.33; rs7453920, P= 572 x 10~ 4
OR = 1.43] to be 31gn1ﬁcantly associated with CHB after stra—
tification for 1s9277535 (Peomected < 3.0 x 1073 , Supplemen-
tary Material, Table S5). The SNP rs2856718 is located in
the intergenic region between HLA-DQAZ2 and HLA-DQBI,
while rs7453920 is located in intron 1 of HLA-DQRB2
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Figure 3. Regional association plot of the HLA-DQ locus. This figure indicates a ~200 kb region centered on the association peak, located between rs2856718
and rs7453920. The middle panel shows the genes in this region including the HLA-DQ locus.

(Fig. 3). To further validate these results, we analyzed these
SNPs in two additional Japanese cohorts consisting of 381
cases and 1539 controls from Biobank Japan as well as 1222
cases and 879 controls from Hiroshima University. Associ-
ation for these SNPs loci was confirmed in both replication
sets (P-value = 3.14 x 107°-3.59 x 107'%; Table 1). To
combine these studies, we conducted a meta-analysis with a
fixed-effects model using the Mantel—Haenszel method. As
shown in Table 1 and Supplementary Material, Figure S3,
the OR were quite similar among the four studies and no het-
erogeneity was observed. Mantel-Haenszel P-values for inde-
pendence were 3.99 x 1077 for rs2856718 [OR = 1.77, 95%
confidence interval (CI) = 1.65—-1.91], and 5.98 x 1072 for
1s7453920 (OR =1.81, 95% CI=1.62-2.01). Two

previously reported SNPs on the HLA-DP locus (rs9277535
on HLA-DPBI and rs3077 on HLA-DPAI) were also associ-
ated with CHB  (Petaanalysis = 2.55 x 107°* and 1.57 x
107"y (Table 1).

To test whether the strong association observed in these
regions is due to the effect of one of them, we performed logis-
tic regression analysis based on the effect of each top SNP in
both HLA-DP and HLA-DQ loci. Notably, rs2856718 and
1s7453920 did show strong association with CHB after adjust-
ing for the effect of 1s3077 (P=8.12x 107" and P=
1.52 x 1072, respectively) and 19277535 (P =238 x
107°%and P =2.21 x 102, respectively), indicating variants
at the HLA-DQ locus are associated with CHB independent of
the effect of HLA-DP polymorphisms (Table 2).
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Table 1. Summary of results for GWAS and replication study

Chr (position)  SNP Nearest gene  Allele (1/2)  Stage Case MAF®*  Control MAF*  P-value® OR® (95% CI) P2
11 2 22 11 12 22
6 (33141000)  rs3077 HLA-DPAI A/G GWAS 38 156 264 0.25 330 991 735 0.40 128 x 1071 1.98 (1.68-2.32)
First replication 42 240 324 027 313 947 762 0.39 193 x 107" 1.74 (1.51-2.01)
Second replication 36 139 204 028 268 742 529 0.42 9.52 % 10712 1.84(1.55-2.19)
Third replication 115 430 681 027 155 420 304 042 153 x 10721 1,93 (1.69-2.2)
Meta-analysis® 1.57 x 107% 1,87 (1.73-2.01)  0.62
6 (33162839)  1s9277535  HLA-DPBI A/G GWAS 40 179 239 028 384 1020 652 0.43 372 x 107'7 1.95 (1.67-2.28)
First replication 58 254 294 031 364 963 696 0.42 3.70 x 10712 1,63 (1.42-1.87)
Second replication 42 145 192 0.30 301 758 480  0.44 543 x 10712 1,83 (1.54-2.17)
Third replication 133 464 628 030 160 429 290 0.43 102 x 1071 1,75 (1.54-1.99)
, Meta-analysis® 255 % 107 1.77(1.65-1.91)  0.40
6(32778233) 152856718  HLA-DQBI A/G GWAS 158 226 73 041 477 1001 568 0.48 441 x 1071 1.59 (1.37-1.85)
First replication 209 266 127 043 484 966 572 048 1.07x 1077 1.43(1.27-1.64)
Second replication 128 191 62 041 325 746 468 045 749 x 1071 1.72(1.45-2)
Third replication 465 530 227 0.40 216 420 243 048 359 x 10712 1.59(1.39-1.79)
Meta-analysis® 3.99 x 10737 156 (1.45-1.67)  0.24
6 (32837990) 17453920  HLA-DQB2  A/G GWAS 4 72 382 0.09 67 582 1407  0.17 127 x 1071 2,20 (1.73-2.81)
: First replication 5 127 471 0.1 50 575 1397 0.17 547 x 107¢  1.56(1.28-1.9)
Second replication 4 75 302 0.11 53 422 1064  0.17 314 x 107° 1.69 (1.32-2.17)
Third replication 14198 1011 0.09 19 245 615  0.16 221 x 1071 1.88(1.56-2.27)
Meta-analysis® 598 x 1072 1.81 (1.62-2.01)  0.16

*MAF, minor allele frequency.
bP-value of the Cochrane~Armitage trend test for cach stage.

°OR and CI are calculated using the non-susceptible allele as reference.

9p-value of the Breslow- Day test.

“Results of meta-analysis were calculated by the Mantel~Haenzel method.
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Subsequently, we examined the interaction of four SNPs in
HLA-DP and HLA-DQ genes on CHB susceptibility. We only
found evidence for interactive effects between HLA-DP SNPs
and also between HLA-DQ SNPs (Supplementary Material,
Table S6). For all other pairwise combinations, each locus
had an independent role in CHB (Pieraciion > 0.10). CHB
risk increases with increasing number of risk alleles for four
SNPs (Fig. 4 and Supplementary Material, Table S7). Individ-
uals with seven or eight risk alleles have more than 5-fold
higher CHB risk than those with two or less risk alleles.
Taken together, our findings clearly indicated the additive
effects of variants in HLA-DP and HLA-DQ loci on CHB
susceptibility. ‘

HLA-DQ molecules function as a heterodimer of a and B
subunits, those are encoded by the HLA-DQAI and the
HLA-DQOBI genes, respectively. The SNP rs2856718 is
located in a linkage disequilibrium (LD) block including
HLA-DQBI! and HLA-DQAI genes, and rs7453920 and
rs2856718 are in LD with +© of 0.1 and D’ of 0.73 (Fig. 3
and Supplementary Material, Fig. S4). Similar to HLA-DPs,
HLA-DQs are highly polymorphic especially in exon 2
which encode antigen-binding sites. We therefore considered
that the association of these SNPs with CHB might reflect
variations in antigen-binding sites of HLA-DQAI and DQBI
that would affect the immune response to HBV. Hence, we
genotyped HLA-DQAI and DOBI alleles by direct sequencing
of exon 2 (cases and controls from the GWAS and first repli-
cation sets) and found HLA-DQOBI*0303 and DQBI*0602
were significantly associated with CHB susceptibility (P =
1.49 x 107° and 1.87 x 1075, OR = 1.64 and 2.51, respect-
ively), while DOBI*0501 and DOBI1*0604 were significantly
associated with protection from persistent HBV infection (P =
3.61 x 107* and 5.38 x 107'®, OR = 0.50 and 0.22, respect-
ively) (Supplementary Material, Table S8). To further investi-
gate the relationship between HLA-DQ alleles and CHB
susceptibility, we performed logistic regression analysis
using SNPs rs2856718 and rs7453920 as covariates. Interest-
ingly, HLA-DQB1*0303 and*0604 showed strong association
with CHB after adjustment for rs2856718 and rs7453920
(P=63%x10"% and P=259x 1078, respectively). In
addition, we performed logistic regression analysis using the
top HLA-DQ alleles that show the strongest association
(DOBI*0303, %0602, *0501, *0604) as covariate. As expected,
HLA-DQ SNPs 152856718 and rs7453920 failed to find the
association between CHB and those SNPs (P =0.36, and
P =10.08, respectively). Finally, we performed conditional
analysis of the DQBI, DPAI and DPBI alleles together. As
a result, HLA-DP SNPs rs3077 and rs9277535 as well as
HLA-DQ SNPs 152856718 and rs7453920 did not show any
further association beyond these HLA-DQ and DP alleles
(rs9277535, P=0.55 OR=0.88; 153077, P=NA;
152856718, P =0.63, OR = 0.95 and 157453920, P =0.30,
OR ==0.85). We also performed conditional analysis of the
DPAI and DPBI and we found that HLA-DQ alleles *0303,
*0602 and *0604 still showed strong association (P =
0.0006, OR = 1.5; P =10.00047, OR =2.28 and P = 6.66 x
1077, OR = 0.31) except for DOBI*0501 (P =0.35, OR =
0.81) which already showed weak association before adjust-
ment as shown in Supplementary Material, Table S8. Collec-
tively, these results together confirmed our findings for the

1.43 (1.34-1.53)

1.73 (1.61-1.85)

OR (95% CI)
1.67 (1.56—-1.8)

Pagjusted for 157453920
9.42 x 107!

9.03 x 1074

6.34 x 10726

NA

OR (95% CI)
1.7 (1.58-1.83)

1.67 (1.55-1.79)

1.60 (1.44—1.77)

Pagjusted for 52856718

6.80 x 10747
4.96 x 1078

7.45 x 1074
NA

OR (95% CI)
1.43 (1.3-1.67)
1.43 (1.37-1.56)
1.67 (1.51-1.85)

P adjusted for rs9277535
2.05 x 10710
2.38 x 10770
221 x 107%

NA

OR (95% CI)
1.25 (1.15~1.45)
1.43 (1.33-1.54)
1.66 (1.49—1.85)

P, adjusted for rs3077
1.67TE—05
8.12E—27
1.52E-21

NA

P-value®

1.57 x 107!
2.55 x 107
3.99 x 1077
5.98 x 10728

Trend P-values are shown with or without adjusting the analysis for the most associated SNPs in HLA-DP and HLA-DQ loci.

Table 2. Logistic regression results for the top SNPs in HLA-DP and HLA-DQ loci associated with CHB in all stages
*Meta-analysis P-value was calculated by the Mantel~Haenzel method.

SNP
rs3077
r$9277535
rs2856718
rs7453920
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Figure 4. Cumulative effects of CHB risk alleles. (A) Distribution of risk
alleles in CHB cases (red bars) and controls (blue bars). (B) Plot of the increas-
ing OR for CHB with increasing number of risk alleles. The OR are relative to
the median number of four risk alleles (rs3077, rs9277535, rs2856718 and
s7453920). Vertical bars correspond to 95% Cls. Horizontal line marks the
null value (OR = 1).

causality of HLA-DQ and HLA-DP alleles and their indepen-
dent effects on the CHB susceptibility. We further performed
haplotype analysis and found four haplotypes showing the
highest association (839 x 107° =342 x 10 1),
DQOAI1*0102-DOBI1*0604 and DQAI*0101-DQBI1*0501 were
considered to have protective effects (P = 3.42 x 10~ "%, OR
=0.16 and P=106 x 107>, OR=0.39, respectively),
whereas DQAI*0102-DQOBI*0303 and DQAI*0301-DQOBI*
0601 increased a risk of CHB (P=839 x 107>, OR=
1903, and P=734x10"°, OR=5.02, respectively,
Table 3). Furthermore, we performed integrated analysis to
test the haplotypic relationship between HLA-DP and DQ.
We found seven associated haplotypes: DQAI*0501-DQBI*
0301-DPAI1*0202-DPB1*0501, DQAI*0301-DQB1*0401 DP
AI*0103DPBI*0201, DQAI1*0301-DOBI1*0302-DPA1*0202-
DPBI1*0501 and  DQAI*0102-DQBI1*0604-DPAI*0103-
DPBI*0401 showed protective effects (P =1.90 x 1074,
OR =0.18; P=5.30 x 107°, OR=027; P=5.90 x 10,
OR =043 and P=9.70 x 107°, OR = 0.41, respectively),
whereas DQAI1*0301-DOBI1*0301-DPA1*0103-DPB1*0201,
DQAI*0102-DQBI1*0602-DPA1*0202-DPB1*0501 and DQ
AI*0301-DOBI*0601-DPA1*0202-DPBI1*0501 were associ-
ated with susceptibility to CHB (P =2.30 x 107°, OR =
49; P=930 x 107%, OR=4.8 and P=3.30 x 10°, OR
=11, respectively, Supplementary Material, Table S9).
Taken together, our findings strongly implicated the significant
association of HLA-DQ-DP haplotypes with CHB.

Human Molecular Genetics, 2011, Vol. 20, No. 19 3889

Recent GWASs have identified several SNPs that are
associated with viral and non-viral liver diseases as well as
response to HBV vaccination and liver function test (16—
18). More recently, Zhang et al. (19) performed a GWAS of
hepatocellular carcinoma in chronic HBV carriers of
Chinese ancestry. They successfully identified one intronic
SNP rs17401966 in KIFIB on chromosome 1p36.22 that
was highly associated with HBV-related hepatocellular carci-
noma. We analyzed those loci in our GWAS data, but failed to
find the association between CHB and those SNPs (Sup-
plementary Material, Table S10).

DISCUSSION

Here, we present the results of the two-stage GWAS fol-
lowed by two independent replications on a total of 2667
cases with CHB and 6496 controls in Japanese population.
In this study, we genotyped additional 279 cases and 1122
controls by using Illumina Human610-Quad BeadChip. As
a result, we increased the number of samples in the first
screening from 179 cases and 934 controls in the previous
study to 458 cases and 2056 controls in current study. As
a result, the statistic power to detect SNPs with moderate
effects (i.e. OR of 1.4 and risk allele frequency of 0.2)
increased from 23 to 85% at a significance threshold of
5 x 107°. Indeed, two SNPs in HLA-DQ locus did not indi-
cate significant association in the GWAS stage of our pre-
vious GWAS (P=5.62 x 1072 for rs2856718 and P=
4.88 x 1072 for rs7453920), confirming the importance of
sample size in GWAS (20).

Most of significant SNPs with P-value of smaller than
5% 107> (74 among 88 SNPs) are located in the MHC
region which encompasses a large number of genes involved
in our immunological response.

Three groups of HLA class Il genes produce cell-surface Ag,
designated HLA-DR, HLA-DQ and HLA-DP. It is suggested
that the host immune response to HBV is under T lymphocyte
control, and this response has been shown to be
HLA-restricted (21). The HLA-DQ locus is located ~300 kb
telomeric of the HLA-DP locus in a different LD block.
Indeed, the analysis of the HLA complex revealed several
recombination hot spots distributing across the HLA
complex, including two hot spots near DP and DQ genes
(22,23). The result of conditional analyses also demonstrated
that the association of the HLA-DQ locus with CHB is inde-
pendent from that of the HLA-DP locus.

Previous reports showed an association of HLA class II
alleles with susceptibility of persistent HBV infection
(24-27), but the results were inconsistent even within the
same population except for HLA-DRI3. HLA-DRI3 (corre-
sponding to HLA-DRBI*1301 and *1302 alleles) was consist-
ently associated with HBV clearance across the population,
and we found that rs11752643 which is strongly linked with
HLA-DR13 (28) showed a strong association in the GWAS
stage (P =126 x 107'%). The SNP rs3892710 which is in
strong LD with rs11752643 (1'2 =0.8, D' =1) and showed
higher association in the GWAS stage (P =4.49 x 107'%)

“was selected for replication in the first independent replication

set. However, rs3892710 failed to clear Bonferroni correction
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Table 3. Haplotype analysis

No. Haplotype Haplotype frequencies P-value® OR?® (95% CI)
HLA.DQAI HLA.DQBI Case (%) Control (%)
1 *0102 *0604 1.22 6.59 3.42 % 1071 0.16 (0.09-0.29)
2 *0101 *0501 1.68 4.77 1.06 x 1073 0.39 (0.24-0.65)
3 *0501 *0301 3.06 5.79 152 %1072 0.53 (0.35-0.79)
4 *0301 *0401 9.73 13.40 298 x 107° 0.76 (0.57-1.02)
5 *0301 *0302 5.08 7.56 1.67 x 1072 0.72 (0.50-1.02)
6 *0301 *0402 2.55 3.49 1.73x 107" 0.74 (0.45-1.22)
7 *0401 *0402 1.31 1.62 491 % 107! 0.72 (0.36-1.44)
8 *0101 *0503 423 4.34 8.69 x 107! 0.94 (0.62-1.42)
9 #0103 *0601 18.70 18.90 9.11 x 107} Reference
10 *0601 *0301 1.38 0.89 253 x 107 1.46 (0.68-3.11)
11 #0301 *0503 1.48 0.95 2.06 x 107! 1.65 (0.74-3.68)
12 *0301 *0301 2.46 1.79 1.97 x 107! 1.33 (0.76-2.33)
13 *0101 *0502 2.09 1.39 1.89 x 107" 1.67 (0.90-3.11)
14 *0301 *0303 16.90 13.10 7.50 x 1073 1.32 (1-1.74)
15 *0102 *0602 3.39 1.55 347 %1073 2.24 (1.28-3.92)
16 *0102 *0303 1.91 0.25 839 % 1073 19.03 (2.53-143.39)
17 *0301 #0601 2.45 0.42 7.34 x 1073 5.02 (1.87-13.45)

#P-values, OR and its 95% Cls of each haplotype were calculated as described in Materials and Methods.

for multiple testing after adjustment for rs9277535 (P =
4.73 x 10~?). In addition, the association of hepatitis B with
HLA-DQ SNPs 152856718 and rs7453920 remarkably attenu-
ated after adjustment for rsl11752643 using the logistic
regression model (P=2.53 x 107% and P=5.84 x 107,
respectively). Unlike HLA-DP SNPs, rs3077 and 19277535
remained highly significant (P=7.74 x 107" and 2.52 x
107"2, respectively). Therefore, our findings clearly indicated
that hepatitis B is associated with the variants on HLA-DP loci
independent of the association with SNP rs11752643 that is
closely linked with HLA-DR13 and also reinforce the previous
report of HLA-DQ-DR linkage. Thus, our study demonstrated
that the association of CHB with the variants in the HLA-DQ
locus was more prominent and consistent than those with
HLA-DRI3 in the Japanese population. However, the 19
major haplotypes shown in Supplementary Material,
Table S9 accounted for only 51.80% of cases and 57.92% of
controls, and other 314 haplotypes were missed due to low
haplotype frequency (< 1% in both cases and controls). There-
fore, the result of DP-DQ haplotype analyses should be care-
fully interpreted. Subsequently, further functional analysis
including HLA-DR, DQ and DP is essential to fully elucidate
the molecular mechanism whereby these variations confer
CHB susceptibility.

In summary, we have demonstrated that genetic variations
in the HLA-DQ genes were strongly associated with CHB in
the Japanese population, and this association was independent
from the HLA-DP genes which we reported previously. Con-
sidering the importance of the MHC region in the clearance
after the infection of HBV, our findings should provide a
novel insight that the antigen presentation on the HLA-DP
and HLA-DQ molecules might be critical for virus elimination
and play an important role in the development of CHB. We are
confident that our findings would serve to allow better under-
standing of the pathogenesis of hepatitis B and contribute to
better clinical outcome of the disease.

MATERIALS AND METHODS
Study population

A total of 2667 cases and 6496 control subjects were analyzed
in this study. Characteristics of each cohort are shown in Sup-
plementary Material, Table S1. DNA samples from both CHB

- patients and non-HBV controls used in this study were

obtained from the BioBank Japan at the Institute of Medical
Science, the University of Tokyo (29) except for samples for
the third replication. Among the BioBank Japan samples, we
selected HBsAg-seropositive CHB patients with elevated
serum aminotransferase levels for more than six months,
according to the guideline for diagnosis and treatment of
chronic hepatitis from The Japan Society of Hepatology
(http://www jsh.orjp/medical/gudelines/index.html). The control
groups for the GWAS and first replication as well as for the
second replication consisted of subjects with diseases other
than CHB (uterine cancer, esophageal cancer, hematological
cancer, pulmonary tuberculosis, ovarian cancer, keloid, per-
ipheral artery disease and ischemic stroke) that were also
negative for HBsAg. Case and control samples for the third
replication cohort were collected from hospitals participating
to the Hiroshima Liver Study Group (listing of participating
doctors in this study group can be obtained at http: //home.
hiroshima-u.ac.jp/naikal/research_profile/pdf/liver_ study_
group_e.pdf) and Toranomon Hospital. All the participants
provided written informed consent. This project was approved
by the ethical committees at each institute.

SNP genotyping and QC

In the GWAS stage, 458 patients with CHB and 2056
non-HBV controls were genotyped using [llumina Infinium
HumanHap550v3 or Illumina - Infinium Human610-Quad
DNA Analysis Genotyping BeadChip. SNP QC for all
sets of samples was applied as follows: SNP call rate of
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>0.99 in both cases and controls and P-value of the Hardy—
Weinberg equilibrium test of >1.0 x 107° in controls. SNPs
with minor allele frequency of <0.01 in both case and
control samples were excluded from the further analysis. In
the first replication, we genotyped an additional panel of 616
cases by multiplex polymerase chain reaction (PCR)-based
Invader assay (Third Wave Technologies, Madison, WI,
USA) (30). After excluding 10 cases with the call rate of
<0.95, all cluster plots were visually analyzed by trained
staffs and SNPs with ambiguous calls were excluded. Ran-
domly selected 94 case samples in the GWAS stage were
re-genotyped in the first replication and SNPs with concor-
dance rates of <98% between two assays (Illumina and
Invader) were excluded. In the subsequent replication ana-
lyses, we used the TagMan genotyping system (Applied Bio-
systems, Foster City, CA, USA) or the multiplex PCR-based
Invader assay. .

HLA-DQA1 and HLA-DQB1 genotyping

We analyzed HLA-DQ genotypes using 748 cases and 614
controls (from GWAS and first replication sets). The second
exons of the HLA-DQAI and HLA-DQBI genes were ampli-
fied and directly sequenced according to the protocol reported
previously (31-33). HLA-DQAI and DORB] alleles were deter-
mined based on the alignment database of dbMHC.

Statistical analysis

In the GWAS stage and replication analyses, statistical signifi-
cance of the association with each SNP was assessed using
1-df Cochrane—Armitage trend test and logistic regression
analysis adjusted with top SNP (rs9277535) in the HLA-DP
locus. Significance levels after Bonferroni correction for mul-
tiple testing were P = 3.0 x 107~ (0.05/16) in the first replica-
tion and P = 0.025 (0.05/2) in second and third replication.
OR and CIs were calculated using the non-susceptible allele
as a reference. The meta-analysis was conducted using the
Mantel—-Haenszel method. Heterogeneity among studies was
examined by the Breslow—Day test. To assess the association
of each HLA allele, we used Fisher’s exact test on two-by-two
contingency tables with or without each HLA allele. To
analyze the association of haplotypes, we used R package hap-
lo.stats. P-values for each haplotype were given by the results
of a score test, and OR and 95% CIs were calculated from
coefficients of the generalized linear model. OR of each hap-
lotype were calculated relative to the major haplotype. All of
these statistical values were calculated by function haplo.cc.

Software

For general statistical analysis, we used R statistical environ-
ment version 2.11.1 (http://cran.r-project.org) or plink-1.07
(http://pngu.mgh.harvard.edu/~purcell/plink/). Estimation of
haplotype frequencies and analysis of haplotype association
were performed by R package haplo.stats (34). Sequence var-
iants in the second exons of HLA-DQAI and HLA-DQBI were
analyzed by Sequencher 4.8. Haploview software was
employed to analyze LD values and draw LD map.
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Introduction

More than 2 billion people have been infected with the hepatitis
B virus (HBV) worldwide, of which 350 million are chronic
carriers and about 600 000 die annually of HBV-related acute or
chronic liver disease [1]. Although many individuals eventually
achieve a state of nonreplicative infection, the prolonged
immunologic response to infection leads to the development of
cirrhosis, liver failure, or hepatocellular carcinoma (HCC) in up to
40% of patients [2]. In China, where HBV infection is endemic,
there are estimated 93 million HBV carriers, and among them 30
million are patients with chronic hepatitis B [3]. Multiple causes
influence the risk of chronic HBV infection in china, for example,
age, gender, viral genotype, ethnicity, variation in genes of the
immune system and so on [4].

@ PLoS ONE | www.plosone.org

Several polymorphisms of the HLA loci have been reported for
hepatitis B virus infection [5,6]. A study in Gambian found that
the allele DRB1¥1302 was associated with the clearance of the
virus [7]. Hepatitis B virus persistence and disease chronicity were
associated with HLA-DQA1*0501 and HLA-DQB1*0301 in Chi-
nese [8] and with HLA-DR9 in Koreans [9]. Although the
association between common diseases and these HLA (or non-
HLA) genes has become increasingly evident [10], their results are
conflicting among the studies, and have not been confirmed by
other investigators [11].

A recent study found that the HLA-DP locus was associated with
chronic hepatitis B in Japanese and Thais [12]. As the frequencies
of these HLA-DP alleles in Chinese populations were similar to
those in Japanese populations, it would be necessary to confirm
whether there was the association between the HLA-DP genetic
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variation and HBV infection in Chinese populations. To this end,
we selected the most strongly associated SNPs (the previous
GWAS results) from each HLA-DP locus (rs9277535 at the HLA-
DPB] and rs2395309 at the HLA-DPAI, respectively) and
genotyped these two polymorphisms in a population-based case-
control study of Chinese Hans, including 2 805 cases and 1 796
controls from Hubei province (Central China), Shandong province
(North China) and Guangdong province (South China).

Materials and Methods

Ethic statement

The study was approved by the local research ethics committee
(REQC) at the Tongji Hospital of Huazhong University of Science
and Technology in accordance with the principle of the Helsinki
Declaration II. All written informed consent documents from each
participant were obtained during the enrollment phase.

Study subjects

A total of 4 601 unrelated Han Chinese were recruited in this
study between September 2007 and June 2011. All subjects were
divided into six groups: a) HBV clearance group(Clear); b) Healthy
control group(Health); c) Persistent asymptomatic HBV carriers
group(AsC); d) Chronic active hepatitis B group(CHB); ¢) HBV-
related liver cirrhosis group(LC); and f) HBV-related heptocellular
carcinoma group(HCC). The diagnostic criteria for study inclusion
were listed in Table S1, which had been described in the previous
publication [13,14]. All individuals were gathered from three Han
Chinese cohorts. First, we recruited 2 280 subjects from Tongji
hostital and Union hospital in Wuhan, Hubei province. Second,
we gathered additional 1 304 subjects from The Affiliated
Hospital of Binzhou Medical College and Qingdao Infectious
Disease Hospital in Shandong province, 1 017 subjects from
Shenzhen Third People’s Hospital, Shenzhen Fourth People’s
Hospital and Shenzhen Sixth People’s Hospital in Guangdong
province.

A uniform questionnaire was used at three enrollment sites and
recorded self-report of risk factors for HBV transmission, family
history of HBV infection, past and current smoking, alcohol
ingestion, etc. The demographic information included gender,
birth-date, birthplace, and past and current residency.

DNA Isolation and Genotyping

Genomic DNA was isolated from peripheral whole blood using
TIANamp blood DNA kit (Tiangen Biotech [Beijing] Co., Ltd.,
China). The concentration ‘and purity of the DNA were
determined with a NanoDrop spectrophotometer and diluted to
a final concentration of 8 ng/uL. The genotyping of genetic
polymorphisms was performed via the TagMan method according
to the protocol of TagMan® SNP Gernotyping Assays (Applied
Biosystems, California, USA). Allelic category was measured
automatically using the Sequence Detection System 2.3 software
(Applied Biosystems) according to the intensity of VIC and FAM
dye. To detect these SNPs (152395309 and rs9277535), we
customized the TagMan® MGB Probe as well as the primers for
PCR amplification (Table S2.).

Statistical analysis

Statistical ~analysis was conducted by using haploview 4.2,
Arlequin 3.5, Statal0.0 and SPSS 17.0 softwares. Linkage
disequilibrium was assessed by the haploview 4.2 softwares using
frequencies obtained from the Health group. The (Bayesian) ELB
algorithm was used to infer haplotypes by using Arlequin 3.5. The
Hard-Weinberg equilibrium of alleles and population pairwise
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comparisons were also evaluated by using Arlequin 3.5 [15]. A
meta-analysis of all studies was performed for each SNP associated
with chronic hepatitis B by using Statal0.0 softwares. Odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated on the
basis of the binary logistic regression analysis (adjustment for
gender and ‘age). The strength of association between the
genotypes or alleles and HBV infection was estimated by using
SPSS 17.0 softwares. A best-fit model was constructed by means of
comparisons with other models. Values of P<0.05 were
considered statistically significant.

Results

Hardy-Weinberg equilibrium test

Hardy-Weinberg equilibrium was estimated by Fisher’s exact
test using Arlequin 3.5 software. There was no significant
difference between observed and expected frequencies of each
genotype in these involved populations (P>0.05). This result
indicated that these populations had a relatively stable genetic
background and were suitable for further genetic statistical
analysis.

The clinic and demographic characteristics

The clinical and demographic characteristics of the case-control
study were summarized in Table 1, including gender, age,
drinkers, serum total bilirubin level (T-Bil), HBV-DNA load,
alanine transaminase (ALT) and serum markers of hepatitis B

- virus. There was no significant difference in the percentage of

hepatitis B e antigen (HBeAg) positive (£=0.10) between
asymptomatic HBV carriers (17.1%) and the patients of chronic
hepatitis B group (20.2%). In addition, there was more alcohol
consumption in patients (£<0.05) with HBV-related liver cirrhosis
group (24.3%) and HBV-related heptocellular carcinoma group
(30.5%) than those in HBV clearance group (10.2%) and healthy
control group (8.9%). The difference in the alcohol consumption
status was due to few drinkers in Chinese female population.
Although an effort was made to obtain a good match on age and
sex, there were more men in four case groups (averaged 73.5%)
than those in HBV clearance group (51.6%, P<0.05) and healthy
control group (47.5%, P<0.05).

Population pairwise comparisons and grouping of
subjects

To explore whether differences in susceptibility loci were caused
by the disease or by genetic background between populations, we
first needed to determine which populations should be compared
with each other, and whether there were populations that could be
lumped together to simplify statistical analysis. To this end, we
performed population pairwise comparisons Fgr testing between
each population using Arlequin 3.5 software. The principle of
population pairwise comparisons states that: if there is no
difference ‘in heredity between two populations, the data
permuting of genotypes or haplotypes between two populations
should not cause a significant difference, which can be evaluated
by Fst P value (£>0.05). According to the results shown in
Table 2, we could infer that Shandong population had greater
difference than Hubei population or Guangdong population in
genetic background (P<<0.0001). As the pairwise comparisons for
Hubei population and Guangdong population were not signifi-
cantly different (P=0.191), and both of them were the same
geographic position (southern of china) [16], we had determined to
merge Hubei population and Guangdong population into
southern Chinese population. Meanwhile, Shandong population
was taken as northern Chinese population. Furthermore, in order
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Table 1. Clinical characteristics of study subjects.

HLA-DP Loci Associated with HBV Infection in China

Health(n=962)

Clear(n=834)

Characteristics

AsC(n=910)

CHB(n =964) LC(n=544) HCC(n =387)

51.70*10.96 51.48%:11.04

HBsAg All- All— All+

Family history, no. (%) No No

TBil (umol/L) No No

‘No’ means non-detected.
‘Drinkers’ was defined as alcohol consumption of >40 g/week, which included occasional drinkers and daily drinkers.

Abbreviations: Clear, HBV clearance group; Health, Healthy control group; AsC, Asymptomatic HBV carriers group; CHB, Chronic active hepatitis B group; LC,HBV-related
liver cirrhosis group; HCC, HBV-related heptocellular carcinoma group;
doi:10.1371/journal.pone.0024221.t001

to identify whether the two polymorphisms were associated with
HBYV infection or clearance, we combined all the types of HBV
imfection populations into one group by using the healthy group or
clearance group as the reference.

Logistic regression analysis of the HLA-DP loci
polymorphisms

Then, to investigate which genotypic models were significantly
associated with the various outcomes, we conducted comparisons
of four models (Multiplicative model, Additive model, Dominant
model and Recessive model) in southern and northern Chinese
populations respectively (data not show). For the four models, the
best-fit genotypic effect of these two SNPs (rs2395309 and
rs9277535) was observed in the dominant model which was the
protective genotype AA and AG (see Table 3). After compared
with the Healthy control group, both single nucleotide polymor-
phism (SNP) sites (rs2395309 and rs9277535) showed associations
with HBV infection in southern Chinese population (Odds ratio
[OR]=0.57; 95% Confidence intervals [CI] :0.47, 0.70;
P=3.36x10"% at rs2395309; OR =0.52; 95% CI :0.43, 0.64;
P=268%10""" at rs9277535), as well as in northern Chinese
population (OR =0.50; 95% CI :0.35, 0.71; P=1.23x107" at
1s2395309; OR =0.50; 95% CI :0.36, 0.68; P=1.74x10"" at

Table 2. Matrix of significant Fsr P values among populations.

Populations Hubei Guangdong Shandong

Guangdong 0.191 *

Population pairwise comparisons Fgy tests were performed between pairs of

groups using Arlequin 3.5software. Statistically significant values are in shown
in bold.

Abbreviations: Hubei, Hubei populations; Guangdong, Guangdong populations;
Shandong, Shandong populations.

doi:10.1371/journal.pone.0024221.t002

@ PLoS ONE | www.plosone.org

45.64+10.93

36(4.0)

11.71£9.01

38.45%10.73 48.30+11.02 49,82+10,01

All+ All+ All+

142(14.7) 69(12.7) 77(19.9)

161.55+171.06 124.19:£125.86

69.24+65.74

rs9277535). And, interestingly, HLA-DP rs2395309 and rs9277535
sites also showed a strong protective effect for HBV clearance not
only in southern Chinese population (OR = 1.31; 95% CI :1.17,
1.45; P=9.63x10"7 at rs2395309; OR =1.33; 95% CI :1.20,
1.49; P=1.67x1077 at rs9277535) but also in northern Chinese
population (OR=120; 95% CI :1.03, 1.40; P=0.021 at
152395309; OR =1.26; 95% CI :1.06, 1.49; P=8.37x107° at
rs9277535). As shown in Table 3, notably, the genotype
distributions of both sites (rs2395309 and rs9277535) were clearly
different between southern and northern Healthy populations (£
values=8.95x107° and 1.64x107°, respectively. P values of
Pearson’s x° test for allele model). The two minor-allele
frequencies (MAF) in both Healthy populations (southern and
northern Han Chinese) were 30.1% vs 38.8% at rs23953009,
38.1% vs 52.2% at rs9277535. In addition, to decrease the bias of
sex and age in population sampling, we further conducted the
stratified analysis for sex and age. As presented in Table S3, male
and female patients showed different associations with HBV
diseases in these two SNPs (rs2395309 and rs9277535). Specially,
in the northern Chinese population, this difference was notable
between male patients and female patients. Furthermore, in the
stratified analysis of age, most cases were no significant differences
in genotype distributions of two SNPs sites between patients with
age=45 years and patients with age>45 years (Table S4.).

Associations of the HLA-DP loci polymorphisms with HBV
progression

Considering the function of HLA-DP molecules, we were
interested in the possible association between the polymorphisms
in HLA-DP gene and the disease progression of chronic hepatitis B.
To test our prediction, we further analysed the difference in two
SNPs genotype distributions by using asymptomatic HBV carrier
as control group. Unfortunately, there were not associations in
chronic active hepatitis B group (OR =1.03; 95% CI: 0.79, 1.34;
P=0.822 at rs2395309; OR =0.92; 95% CI:0.71, 1.18; P=0.501
at 159277535, in southern Chinese population; OR =0.92; 95%
CI:0.62,1.38; P=0.697 at rs2395309; OR = 1.33; 95% CI : 0.86,
2.06; P=0.198 at 159277535, in northern Chinese population),
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